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The pyrovanadate α-Cu2V2O7 belongs to the orthorhombic (Fdd2) class of crystals with non-
centrosymmetric crystal structure. Recently, the compound has been identified to be a magnetic
multiferroic with a substantial electric polarization below the magnetic transition temperature TC =
35 K. Here we report the results of our inelastic neutron scattering (INS) studies on a polycrystalline
sample of α-Cu2V2O7. Our INS data clearly show the existence of dispersive spin wave excitations
below TC with a zone-boundary energy of 11 meV at 5 K. We have analyzed the data using linear spin
wave theory, which shows good agreement between the experiment and calculation. The analysis
is consistent with the third nearest neighbor exchange interaction playing a dominant role in the
magnetism of the material.
PACS numbers: 78.70.Nx, 75.85.+t, 75.30.Ds
The family of pyrovanadates with general formula
M2V2O7 (M = Cu, Ni, Co, Mn) has attracted con-
siderable attention due to their fascinating and diverse
crystal structures, which are built out of various ex-
tended units of M-O and V-O polyhedra.1–4 They can
have low-dimensional (chain, sheet, honey-comb etc.)
to more complex three dimensional structures with in-
triguing magnetic and electronic properties.5,6 These py-
rovanadates broadly crystallize in two different groups
of structures: thortveitite (Sc2Si2O7 type) or dichromate
(K2Cr2O7 type).
4
Among the various members of the group, Cu2V2O7
draws special attention both for its structural and elec-
tronic aspects. This compound can crystallize in at
least four polymorphic phases (namely α, β, β′ and γ)
with different lattice symmetry (although all thortveitite
type).6–8 The β phase can be described as a spin 1/2
Heisenberg system on a two dimensional (2D) honey-
comb lattice .6 On the other hand, the α phase is bet-
ter described by two sets of mutually perpendicular zig-
zag chains with strong inter-chain magnetic interactions.
Here all Cu2+ ions are equivalent with fivefold coordina-
tion to oxygen atoms forming a distorted [CuO5] polyhe-
dron. Each distorted polyhedron is linked with another
two via edge sharing and together they form the two sets
of mutually perpendicular zig zag chains (see Fig. 1) in
the bc plane.7,9 Notably, α-Cu2V2O7 crystallizes in the
Orthorhombic Fdd2 structure and it is the only mem-
ber of the pyrovanadates to have a non-centrosymmetric
crystal structure.
The magnetic and electric properties of α-Cu2V2O7 are
equally interesting. The compound undergoes long range
magnetic ordering below TC = 35 K with a spin canted
structure.9–11 Recent work by our group identified the
compound to be an improper multiferroic with the simul-
 
FIG. 1. (color online) (a) Various spin exchange interactions
in α-Cu2V2O7 in a conventional unit cell according to model-
I. (b) The helical honeycomb network (model-II) of spin ex-
change comprising J1 and J2 only.
taneous development of spontaneous electric polarization
and magnetization below TC .
12 Density functional theory
(DFT) based calculations indicate that the magnetism
in α-Cu2V2O7 is a consequence of ferro-orbital ordering
due to the unique pyramidal CuO5 environment and the
origin of the giant ferroelectric polarization is primar-
ily due to the symmetric exchange-striction mechanism.
In the DFT calculation, the dominant interaction is ob-
tained between the third nearest neighbors of Cu-ions
(J3 = -13.61 meV) linking the two mutually perpendic-
ular chains. The other sizable interactions are first near-
est neighbor Cu-Cu linkage (J1 = -4.67 meV) along the
zig-zag chain via oxygen and the second nearest neighbor
inter-chain interaction (J2 = +4.07 meV) along the a axis
2J ’s in meV Model-I Model-II
J1 > J2 J2 > J1
J1 -4.67 -5.79 -4.10
J2 0.8 -2.61 -6.31
J3 -9 – –
TABLE I. Various Cu-Cu exchange parameters used for the
spin wave simulations. Model-I is based on the exchange in-
teractions obtained by DFT calculations12 with required mod-
ification, whereas model-II represents the optimized values of
J ’s as obtained from QMC simulations of the bulk magneti-
zation data.13
(see Fig. 1 (a)). Evidently, J1 and J3 are antiferromag-
netic (AFM) in nature while J2 is ferromagnetic (FM).
Model-I, detailed in Table-I, is based on this scenario
with required modifications of the exchange parameters
to suit our Monte Carlo simulations. On the other hand,
a quantum Monte Carlo (QMC) based calculation finds
a better fit to the experimental magnetization data con-
sidering J1 and J2 (both AFM in nature) to be the only
dominant spin-spin interaction terms, which constitute a
helical honeycomb-like 2D spin network (Fig. 1(b)) in
the ac plane.13 It is to be noted that in the former sce-
nario (where J3 is dominant), the system is magnetically
three dimensional, while in the later case (as described
by model-II in Table-I) it can be described as a quasi-
2D system with anisotropic magnetic interactions in the
honeycomb plane (J1 6= J2). The spin canting in α-
Cu2V2O7 is found to be related to the prevailing strong
Dzyaloshinski-Moriya (DM) interaction as described by
various authors.12–14
Inelastic neutron scattering (INS) is an important
tool to study the low-lying excitations in quantum spin
systems, where the dispersion of the excitations and
their intensity can provide important information regard-
ing the possible exchange interactions and their relative
strengths. In this paper we present INS results from poly-
crystalline samples of α-Cu2V2O7. The experimental re-
sult is corroborated by spin wave simulations based on
classical Monte Carlo and linear spin wave theory, which
provide support for the dominance of the third nearest
neighbor interaction in the system.
The details of the preparation of polycrystalline sam-
ples of α-Cu2V2O7 can be found elsewhere.
9 The sam-
ple was characterized by powder x-ray diffraction and
magnetization measurements. INS measurements were
carried out at the MARI time of flight chopper spec-
trometer15 at the ISIS pulsed neutron facility, Ruther-
ford Appleton Laboratory, UK. The powder sample of
α-Cu2V2O7 was placed in a aluminum foil packet in the
form of annulus of diameter 40 mm and height 40 mm and
sealed in a thin aluminum can, which was cooled in He-
exchange gas using a He closed cycle refrigerator down
to a base temperature of 4.5 K. The INS spectra were
obtained using different incident energies (Ei) between 8
meV and 150 meV as well as different temperatures be-
FIG. 2. (color online) (a) 2D map of the scattering inten-
sity of α-Cu2V2O7 as a function of energy transfer (~ω) and
momentum transfer (| ~Q|) obtained at 5 K. The color scale
shows the scattering intensity (S(| ~Q|, ω) in absolute units,
mb/sr/meV/f.u. (b) shows the scattering intensity as a func-
tion of momentum transfer with phonon scattering corrections
applied to the data with the intensity being summed over the
energy range 8 - 12 meV at 5 K. The inset in (b) shows the
same data without phonon correction.
tween 5 K and 100 K. In order to obtain the scattering
intensity in the units of cross section, mb/sr/meV/f.u.,
Vanadium spectra were recorded for the same Ei val-
ues. The simulation of the spin wave excitations were
performed using the SpinW software package.16
Fig. 2(a) shows the 2D color plot of the neutron scat-
tering data at 5 K with an incident energy of Ei = 20
meV. The elastic line contains Bragg peaks, which can
all be indexed on the basis of the crystal structure of
α-Cu2V2O7. Due to the polycrystalline nature of the
samples, the scattering function S(| ~Q|, ω) is the pow-
der average of the spin-spin correlation function S( ~Q,
ω), and it does not carry the information regarding the
direction of ~Q. A band of scattering intensity is observed
around the energy transfer ~ω = 10 meV. The magnetic
character of the scattering is evident from the decreasing
intensity with increasing | ~Q| in the low | ~Q| region (≤ 3
A˚−1). However, the band of intensity is still present at
high ~Q (≥ 3 A˚−1) values, where one would expect vanish-
ing S(| ~Q|, ω) had it been purely magnetic in origin. This
is quite clearly visible from the inset of Fig. 2(b), where
the raw S(| ~Q|, ω) is depicted as a function of momentum
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FIG. 3. (color online) (a) Scattering intensity (without
phonon correction) as a function of energy transfer for the
window of momentum transfer 0 - 3 A˚−1 recorded at different
temperatures.
transfer for the energy window 8 - 12 meV. We presumed
that the high | ~Q| intensity is purely phononic in origin
and calculated the vibrational part of scattering at 5 K
using the 300 K data (well above TC of the sample) after
proper normalization with the Bose factor:
B(~ω) =
1
1− exp(−~ω/kBT )
The vibrational part is subtracted from the measured
data and the | ~Q| dependence of the scattering intensity
is plotted in the main panel of Fig. 2 (b). The resulting
data clearly show diminishing intensity with increasing
| ~Q| and establishes the magnetic character of the excita-
tion.
We also investigated the temperature variation of the
scattering intensity particularly focusing the low-| ~Q| part
(0 - 3 A˚−1) as depicted in Fig. 3. The peak around 10
meV diminishes with increasing temperature and almost
disappears above about TC = 35 K. This implies that the
low-| ~Q| scattering is related to the long range magnetic
ordering of the material and that it arises from the spin
wave excitations in the ordered state of the material. A
small but nonzero scattering intensity is present even in
the 50 K data, which is likely to be due to the short
range magnetic correlations in the system. This is in
agreement with the previous magnetization studies where
the deviation from Curie-Weiss law was observed from
below about 80 K,12 indicating precursor local spin-spin
correlations to the long range magnetic order. It is to
be noted that there are also phonon modes near the spin
wave energy.
In order to model the experimentally observed mag-
 
FIG. 4. (color online) (a) and (b) show the 2D color plots
of the neutron scattering intensity as obtained from phonon
corrected measured experimental data (at 5 K) and simulated
by the SpinW package respectively. (c) and (d) show the
experimental and simulated scattering intensity as a function
of energy transfer for the | ~Q| range 0-3 A˚−1, and as a function
of momentum transfer summed over 3-6 meV respectively.
netic scattering, we calculated the spin wave dispersion
and corresponding neutron scattering intensity using the
SpinW software package. α-Cu2V2O7 contains magnetic
Cu2+ (3d9, S = 1
2
) and nonmagnetic V5+ (3d0, S = 0)
metal ions and therefore only the interactions between
Cu2+ ions need to be considered. The spin Hamiltonian
can be considered as
H = −
∑
ij
Jij(~Si · ~Sj) +
∑
ij
~Dij · (~Si × ~Sj), (1)
where the first part represents the symmetric Heisenberg
interaction while the second antisymmetric part is related
to the DM interaction. For simplifying the calculation,
we have not considered any anisotropy term in the Hamil-
tonian. For the simulation of the spin wave spectra we
used the canted magnetic structure reported by Lee et
al.,14 and exchange parameters based on model-I12 and
model-II13 as given in table-I. For model-I, as discussed
before, the dominant term is J3, while in model-II, the
exchange paths comprise a helical honeycomb network
with J1 and J2 being the only interaction terms. In the
case of model-II, two scenarios may arise, namely J1 > J2
and J1 < J2.
At the beginning, we only considered the symmetric
exchange terms (namely J ’s) and ignored the DM terms
(D’s). In Fig. 4 (a), we have shown the 2D color plot of
the experimental INS data where the phonon contribu-
tion has been removed. It is clearly seen that the scatter-
ing around 10 meV is dominant at low-| ~Q|, which is due
to its magnetic origin. The simulated scattering data us-
ing the J values from model-I (see table-I) is depicted in
4 
FIG. 5. (color online) Simulated 2D color plot for neutron
scattering intensity ((a) and (b)) as well as its energy variation
((c) and (d)) considering the Heisenberg interaction terms J1
and J2 only (model-II). For (a) and (c) we have considered
J1 > J2 while for (b) and (d) it is J1 < J2, using the values
quoted in table-I.
Fig. 4 (b), and an excellent agreement is obtained when
compared with the observed scattering. This is better
viewed via the intensity versus energy transfer and in-
tensity versus momentum transfer plots (Figs. 4(c) and
4(d) respectively). The experimentally determined value
of J3, to match the zone-boundary energy, is less than
that found using DFT12, but the signs of all three inter-
actions are preserved, and J3 remains dominant. The J3
interaction between two Cu atoms is through two oxygen
O atoms (Cu-O-O-Cu) belonging to VO4 tetrahedra. Al-
though V is nonmagnetic, it can expedite the magnetic
interaction by electron transfer via its empty 3d level.
The presence of the DM interaction in α-Cu2V2O7 has
already been predicted and it is in line with the observed
weak ferromagnetism below TC . We also performed our
simulation considering the DM interaction terms within
the framework of model-I12. The introduction of the DM
terms does not improve the overall agreement with the
experimental data. In order to investigate the strength
of the DM interaction and its role in the magnetic scat-
tering, spin wave measurements on a single crystal of
α-Cu2V2O7 are highly desirable.
Despite the generally good agreement between the
model-I simulation and the experimental data, the line-
width of the cut through the data is found to be wider
than the instrumental resolution, which was used for the
simulation (Fig. 4(c)). There are several reasons for
line-width broadening, such as (i) magnon-electron (ii)
magnon-magnon or (iii) magnon-phonon interactions,17
which are not considered in our simulation. α-Cu2V2O7
being a very good insulator, magnon-electron scattering
can be neglected. The role of magnon-magnon scatter-
ing in line-width broadening can be ruled out as it is
only relevant at high temperature close to TC . Being a
magnetic multiferroic, the likely origin of the line-width
broadening is magnon-phonon scattering. In multifer-
roics where both time and space inversion symmetries
are absent, the coupling between low lying magnetic and
lattice excitations is relevant.18,19 This is also consistent
with the exchange-striction mechanism proposed for the
system.12 The presence of magnon-phonon scattering is
also evident from the raw 2D color plot (Fig. 2 (a)),
where a high | ~Q| phonon excitation is visible at the same
energy as that of the spin wave peak.
We next considered SpinW simulations for model-II,
where J1 and J2 are the only significant exchange terms.
The simulated data with two different scenarios (J1 > J2
and J1 < J2) are depicted in Fig. 5. Clearly the agree-
ment between the experimental and the calculated data
is poor here. The magnetic scattering intensity peaks
around 5 meV as compared to 10 meV in the observed
data.
The present INS study and subsequent simulations on
α-Cu2V2O7 indicate that the analysis is compatible with
the model-I, having dominant third nearest neighbor ex-
change interaction J3. The presence of strong J3, in ad-
dition to J1 and J2, makes the spin model three dimen-
sional, resulting in a long range magnetic ordering below
TC . The multiferrocity in the α phase is induced by the
exchange striction and is therefore directly related to this
long range ordering.
In conclusion, we have investigated the pyrovanadate
compound α-Cu2V2O7 using inelastic neutron scatter-
ing, along with a spin wave analysis. Our INS study
reveals well defined dispersive spin wave excitations with
a zone boundary energy of 11 meV at 5 K. The spin wave
excitations’ energy renormalizes with increasing temper-
ature, but the excitations can still be seen at 50 K, which
is well above TC , suggesting the presence of short range
magnetic correlations. Our spin wave analysis has given
a reasonably good description of the experimental data.
Furthermore our estimated values of the exchange pa-
rameters suggest that the third nearest neighbor Cu-
Cu interaction is the dominant one, in agreement with
those calculated theoretically using DFT(see Ref. 12 and
references therein). We observe some line-width broad-
ening of the spin wave excitation data which can be
attributed to the magnon-phonon scattering, a mecha-
nism that is a prevailing factor for mutliferroicity and
magneto-dielectric properties in insulating oxides. The
present study can foster research on the magnetic excita-
tions in this class of pyrovanadates, and would generate
theoretical interest of the development of a more realistic
model to understand the complex magnetic and multifer-
roic behavior of these materials.
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